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osting by EAbstract The genetic diversity of 14 bread wheat (Triticum aestivum L.) varieties originating from
Mediterranean region (Egypt and Greece) was assessed by means of Randomly Ampliﬁed Polymor-
phic DNA (RAPD) markers. Seventeen RAPD markers were used to analyze and compare genetic
diversity among the selected wheat varieties. Average of similarity coefﬁcients based on RAPD
markers for all of the studied varieties was 0.718. Average and range of genetic similarity coefﬁ-
cients among varieties obtained from both Egypt and Greece independently were 0.765 (from
0.66 to 0.886) and 0.723 (from 0.604 to 0.896), respectively. The cophenetic correlation coefﬁcients
of the three RAPD dendrograms (generated for all of the 14 varieties, the seven Egyptian varieties
separately and the seven Greek varieties separately) were r= 0.774, 0.80, and 0.74, respectively.
Both cluster analysis and Principal Coordinate Analysis (PCOORDA) were able to differentiate
between Egyptian and Greek wheat varieties, but PCOORDA was more efﬁcient in its separation.
The percentage of variance accounted for the ﬁrst two principal coordinates was 49.45% of totaloo.com (K.F. Abdellatif),
d).
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Table 1 Mediterranean wheat vari
No. Variety Origin
1 SAKHA 61 Egypt
2 SAKHA 69 Egypt
3 SAKHA 94 Egypt
4 GEMMIZA 7 Egypt
5 GEMMIZA 9 Egypt
6 GIZA 168 Egypt
7 SIDS 1 Egypt
8 GEKORA-E Greece
9 ACHERON Greece
10 VERGHINA Greece
11 GENOROZO-E Greece
12 STRYMONAS Greece
13 NESTOS Greece
14 ACHELOOS Greece
158 K.F. Abdellatif, H.M. AbouZeidgenetic variance for RAPD. Notable geographical divergence was found between Egyptian and
Greek wheat varieties.
ª 2011 Academy of Scientific Research & Technology. Production and hosting by Elsevier B.V.
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The largest of the world’s ﬁve Mediterranean-climate regions,
the Mediterranean Basin stretches west to east from Portugal
to Jordan and north to south from northern Italy to Morocco.
Surrounding the Mediterranean Sea, the hotspot’s 2,085,292
km2 also include parts of Spain, France, the Balkan states,
Greece, Turkey, Syria, Lebanon, Israel, Egypt, Libya, Tunisia
and Algeria, as well as around ﬁve thousand islands scattered
around the Mediterranean Sea. West of the mainland [16].
Bread wheat (Triticum aestivum L.) is one of the most cul-
tivated crops in the world. It covers the largest surface among
cereals (216 million ha) worldwide. The production takes the
third place, after maize and rice, with 605 million tons [13].
Bread wheat belongs to the Triticum genus of the large
Poaceae family, which gathers about 3500 species [8]. Wheat-
breeding programs around the world are working toward
improved grain yield with better quality, disease-resistance
and agronomic performance. Knowledge of the genetic diver-
sity within a germplasm collection is the basis for selection of
crossing parents, establishing heterotic groups and has a signif-
icant impact on the improvement of crops. Therefore, assess-
ment of the extent and nature of genetic variation in bread
wheat is important to breeding and genetic resource conserva-
tion programs.
As molecular markers have been developed, they have been
extensively explored for analysis of genetic diversity in com-
mon wheat; such markers include restriction fragment length
polymorphisms (RFLPs, [5]) and Randomly Ampliﬁed Poly-
morphic DNA (RAPD) [11,19], ampliﬁed fragment length
polymorphisms (AFLP) [6,32] and simple-sequence repeats
or microsatellite (SSR) which has been used extensively in ge-
netic diversity studies in wheat [4,14,17,29,30].
The use of RAPD for identiﬁcation of cultivars through
DNA proﬁling is useful in measuring genetic variation within
germplasm collections [15,41]. RAPD markers are dominant
markers that are extensively used in genetic mapping [9] andeties used for molecular marker
Pedigree
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Siete Cerros T-66//Weibulls-identiﬁcation of loci linked with different traits [38] although
the problems associatedwith the process such as reproducibility.
Due to technical simplicity and speed, RAPDmethodology has
been used for diversity analysis and genotype identiﬁcation in
several and different crop plants [1,20,21,25,26,35,42].
Comparisons of cultivars bred in different regions can give an
interesting insight on the evolutionary trend in morphological,
physiological and agronomic characteristics of the wheats grown
in the given region and provide the most direct estimate of breed-
ing progress [2]. The aim of the present study was to determine
and compare the genetic diversity among fourteen bread wheat
varieties originated from two different countries of Mediterra-
nean region (e.g. Egypt and Greece) using RAPD markers.2. Material and methods
2.1. Plant material
Fourteen bread wheat varieties, seven obtained from Egypt
and seven obtained from Greece were used to establish the
experimental materials for this investigation. All wheat varie-
ties are listed in Table 1.
2.2. DNA extraction
Genomic DNA was extracted from fresh leaves of wheat geno-
types using the Saghai-Maroof et al. [33] modiﬁed CTABmeth-
od. RNA was removed from the DNA preparation by adding
10 ll of RNAase (10 mg/ml) and incubation for 30 min at
37 C and then was puriﬁed using phenol and chloroform/iso-
amyl alcohol (24:1) solution. DNA sample concentration was
adjusted at 25 ng/ll and stored at 20 C until using in PCR.
2.3. RAPD analyses
Thirty RAPD primers, obtained from Euroﬁns MWG Operon
Company (Ebersberg, Germany) were tested in this experimentanalysis.
’s’’CM15430-2S-5S-0S
M15430-2S-1S-0S
/AGENT
-630/SX
57/MAGA74’’s’’
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ES)
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aterial of INIA 66R//HBGN/DRC
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were 25 ll containing 1· Promega Go Flexi Taq DNA poly-
merase buffer, 2 mM MgCl2, 200 lM of dNTPs, 50 pmol pri-
mer, 50 ng template DNA and 1 U of Promega Go Flexi
TaqDNA polymerase. PCR program for the reaction mixtures
was: 94 C for 3 min, followed by 45 cycles of 1 min. at 94 C,
1 min. at 38 C, 1 min. at 72 C. This program was followed by
a ﬁnal extension step for 7 min. at 72 C. Ampliﬁed PCR prod-
ucts were separated and visualized on 1.5% agarose gel
electrophoresis.
2.4. Statistical analyses
Gels were scored for band presence (1), absence (0) or as a
missing observation. Pairwise comparisons of genotypes,
based on the presence or absence of unique and shared poly-
morphic products, were used to determine a data matrix of
pairwise similarities between cultivars, according to Jaccard
[18]. Dendrograms were constructed using the UPGMA meth-
od (Unweighted Pair-Group Method with arithmetical algo-
rithms Averages; [36] and the correlation cophenetic
coefﬁcient was calculated. Principal coordinate analysis (PCO-
ORDA) was also performed on the basis of the distance matrix
using the standardized centered data. Mantel’s test [22,23] was
performed to estimate the correlation between the two similar-
ity matrices obtained from the Egyptain and Greek varieties.
All statistical analyses were performed with the software of
NTSYSpcª computer program [31].
3. Results and discussion
3.1. DNA ampliﬁcation and variety identiﬁcation
The genetic diversity and relationships among wheat varieties
were studied by RAPD markers using [17] 10-mer random
primers. The results were conﬁrmed by repeating the analysis
with the same condition. The number of ampliﬁcation prod-
ucts generated by each primer varied from 5 (OPN-04) to 22
(RAPD-8) with an average of 12.06 bands per primer. A totalTable 2 Names and sequences Operon RAPD primers used for gen
No. Primer name Nucleotide sequence (5–3) Total No. of ba
1 OPA-8 GTGACGTAGG 10
2 OPA-17 GACCGCTTGT 14
3 OPE-02 GGTGCGGGAA 8
4 OPG-2 GGCACTGAGG 16
5 OPG-6 GTGCCTAACC 8
6 OPH-9 TGTAGCTGGG 11
7 OPH-11 TCCGCTGAGA 8
8 OPH-16 CAAGGTGGGT 20
9 OPI-4 CCGCCTAGTC 9
10 OPN-04 GACCGACCCA 5
11 OPO-4 AAGTCCGCTC 10
12 OPO-8 CCTCCAGTGT 8
13 OPP-13 GGAGTGCCTC 14
14 UBC-2 CCTGGGCTT G 17
15 UBC-8 CCTGGCGGTA 22
16 UBC-18 GGGCCGTTTA 10
17 UBC-20 TCCGGGTTTG 15
Total 205
Average 12.05of 146 polymorphic bands were generated from all the primers
ranged from 2 to 19 ampliﬁed fragments for the different prim-
ers. The primer RAPD-8 gave the highest number of polymor-
phic fragments (19), while the minimum number of
polymorphic bands (2) was obtained from OPH-9 primer.
The average number of polymorphic fragments per primer
among the 14 wheat cultivars was 8.588 per primer and the
percentage of polymorphism ranged from 18.18 (OPH-9) to
100% (OPG-2) with an average of 69.15% (Table 2).
Various numbers of primers have been used in the study of
different species of the genus Triticum that revealed various
degrees of polymorphism. Joshi and Nguyen [19] used 40 prim-
ers in studying wild and cultivated wheat and revealed 88%
polymorphism among all accessions. With 26 UBC primers,
Sun et al. [37] detected 62.5% polymorphism among 46 geno-
types of T. aestivum and T. spelta. Pujar et al. [27] tested 81
Operon primers (kit A, F, J, V) and selected 21 primers that
produced 3 to 13 polymorphic bands. A 78.2% polymorphism
was detected among 64 genotypes of the species Triticum.
Ramiz et al. [28] used in their investigation 15 primers as se-
lected by Mantzavinou et al. [24] from among 87 primers for
their degree of polymorphism. The selected primers produced
4 to 10 polymorphic bands. Totally produced bands were
140, from which 104 were polymorphic. The polymorphism
percentage among 10 different genotypes was 75%. In the
present study the average number of polymorphic fragments
per primer among the 14 wheat cultivars was 8.588 and the
percentage of polymorphism ranged from 18.18 (OPH-9) to
100% (OPG-2) (Table 2) which indicate that our results are
consistent with the previous studies in this issue.
3.2. Similarity matrix
A similarity matrix based on the proportion of shared RAPD
fragments was used to establish the level of relatedness be-
tween the Egyptian and Greek cultivars. Pair-wise estimates
of similarity coefﬁcient ranged from 0.604 (between ‘Genor-
ozo-E’ and ‘Gekora-E’, Table 4) to 0.896 (between ‘Strymon-
as’ and ‘Nestos’ varieties, Table 4) with an average of 0.718.etic diversity study in Mediterranean wheat varieties.
nds (b) No. of polymorphic bands (a) % Polymorphism (b/a)
9 90.0
10 71.43
6 75.00
16 100.0
4 50.00
2 18.18
3 37.50
10 50.0
6 66.67
4 80.00
8 80.0
5 62.50
8 57.14
16 94.12
19 86.36
7 70.0
13 86.67
146 –
8.588 69.15
160 K.F. Abdellatif, H.M. AbouZeidThe similarity coefﬁcients based on RAPD markers among
the Egyptian varieties ranged from 0.66 (between ‘Sakha-61’
and ‘Gemmiza-9’ varieties, Table 3) to 0.886 (between ‘Sa-
kha-94’ and ‘Gemmiza-7’ varieties, Table 3) with an average
of 0.765. Similarly the RAPD derived data were used to calcu-
late the genetic similarity among the different Greek varieties
(Table 4). The maximum genetic similarity value derived be-
tween ‘Nestos’ and ‘Strymonas’ varieties (0.896), while the
minimum genetic similarity value derived between ‘Gekora-
E’ and ‘Genorozo-E’ cultivars (0.604), Table 4. The Mantel’s
test for correlation between two similarity matrices generated
from both Egyptian and Greek varieties showed that the two
data sets are not signiﬁcantly correlated (p = 0.337,
r= 0.101). Salem et al. [34] used Fifteen microsatellite mark-
ers to characterize and evaluate the genetic diversity of seven
wheat genotypes from Egypt (‘Sakha 69’, ‘Sakha 93’, ‘Gemmi-
za 3’, ‘Gemmiza 7’, ‘Sids 4’) and two exotic varieties from Eur-
ope (Baviacora, Miriam). Similarity coefﬁcient for the seven
bread wheat varieties based on their microsatellite markers
ranged from 0.325 to 0.688. Awad et al. [3] studied the genetic
variation and relationships among 10 wheat genotypes (four
from Egypt and six from Syria) with different responses to lead
tolerance which were evaluated using Randomly Ampliﬁed
Polymorphic DNA-polymerase chain reaction (RAPD-PCR)
markers to establish speciﬁc DNA markers associated with
lead tolerance. The similarity coefﬁcients based on 40 ampli-
ﬁed fragments was ranged from 0.35 to 1.00. Mantzavinou
et al. [24] were used Randomly Ampliﬁed Polymorphic DNATable 4 Similarity coefﬁcients among Greek wheat varieties
calculated according to Jaccard coefﬁcient based on RAPD
markers.
Variety H I J K L M
H –
I 0.735 –
J 0.717 0.814 –
K 0.731 0.816 0.729 –
L 0.813 0.792 0.702 0.896 –
M 0.700 0.750 0.660 0.780 0.792 –
N 0.787 0.627 0.604 0.660 0.667 0.627
H= ACHERON, I = VERGHINA, J = GENOROZO-E,
K = STRYMONAS, L = NESTOS, M= ACHELOOS,
N=GEKORA-E.
Table 3 Similarity coefﬁcients among Egyptian wheat varie-
ties calculated according to Jaccard coefﬁcient based on RAPD
markers.
Variety A B C D E F
A –
B 0.804 –
C 0.771 0.826 –
D 0.822 0.800 0.886 –
E 0.660 0.673 0.787 0.761 –
F 0.778 0.795 0.723 0.773 0.681 –
G 0.813 0.720 0.692 0.735 0.720 0.844
A = Sakha-61, B = Sakha-69, C = Sakha-94, D = Gemmiza-7,
E = Gemmiza-9, F = Giza-168, G = Sids-1.(RAPD) method, to evaluate the genetic diversity of 19 Greek
landraces and 9 cultivars of durum wheat [Triticum turgidum
L. var. durum (Desf.)]. Two commercial bread wheat (Triticum
aestivum L.) cultivars and one genotype of Triticum monococ-
cum L. were also included in the study. They reported that the
genetic similarity between all pairs of genotypes was evaluated
using the Jaccard’s or Nei and Li’s coefﬁcients; the values of
the former ranged from 0.153 to 0.973 while those of the latter
were slightly higher (0.265–0.986). In several studies, a number
of wheat genotypes from the same origin have been analyzed
using different DNA markers systems that produced the genet-
ic diversity or similarity levels within a speciﬁc group of geno-
types [12,39].
3.3. Cluster analysis
Genetic similarity matrices obtained from RAPD data were
used to create three dendrograms (the ﬁrst included Egyptian
and the Greek varieties gathered, the second the Egyptian vari-
eties independently and the third the Greek varieties). All the
cluster analyses were based on Jaccard’s similarity coefﬁcients
using UPGMA. The cophenetic correlation for the RAPD
similarity matrices showed a very high goodness of ﬁt of clus-
ter analysis (r= 0.774, 0.80, and 0.74) for (the Egyptian and
the Greek varieties gathered, the Egyptian varieties indepen-
dently and the Greek varieties independently, respectively).
According to the ﬁrst dendrogram which was obtained for
both the Egyptian and Greek varieties, the 14 varieties were
grouped into two main clusters (Fig. 1). Egyptian varieties
have been separated from the Greek ones in one cluster along
with one Greek variety ‘Acheron’ showing a high level of ge-
netic relatedness among them, while the other cluster included
all the Greek varieties. The ‘Gekora-E’ variety seemed to beFigure 1 Dendrogram of cluster analysis for Egyptain and
Greek wheat varieties obtained by RAPD markers.
Assessment of genetic diversity of Mediterranean bread wheat using Randomly 161out grouped from the Greek varieties. The Greek hexaploid
bread wheat variety ‘Acheron’ seems to be more close to the
Egyptian varieties than the Greek ones and this might be be-
cause of its pedigree (e.g. it may has ancestor in its pedigree
more close to some ancestor in the pedigree of the Egyptian
varieties).
The second dendrogram for the Egyptian cultivar indepen-
dently separated them into two clusters. The ﬁrst cluster in-
cluded ‘Giza-168’ and ‘Sids-1’ varieties while the second
cluster contained ‘Sakha-69’, ‘Sakha-94’, ‘Gemmiza-7’ and
‘Sakha-61’ varieties. The Egyptian wheat cultivar ‘Gemmiza-
9’ was out-grouped (Fig. 2).
Evaluation of genetic bases and diversity of Egyptian wheat
cultivars released during the last 50 years using coefﬁcient of
parentage was carried out by Basnet et al. [7]. They reported
that the broad genetic diversity was observed among 33 Egyp-
tian cultivars with average coefﬁcient of parentage (COP) va-
lue of 0.11 and large numbers of ancestral parents (155
landraces) traced to 31 countries. The genetic base ranged
from very low in pre 1960’s cultivars such as ‘Giza 139’ (with
only 3 landraces in the background) to very high in modern
cultivars such as ‘Gemmeiza-7’ (with 73 landraces in the back-
ground). ‘Hindi-62’, ‘Red Fife’, ‘Hard Red Calcutta’ and
‘Akagomughi’ were the major ancestors with 6, 5, 4, and 4%
of total genetic contribution to the Egyptian wheat gene pool,
respectively. Egypt, United States of America, Kenya and
Ukraine were the major source countries with 16%, 11%, 9%
and 7% of total genetic contribution to this gene pool for each
country, respectively. Though Marquis-Thatcher germplasm
from North America has the greatest inﬂuence on overall
Egyptian cultivars, Mexican-based sources of dwarﬁng and
high yield, derived from ancestors such as ‘Akagomughi’ and
‘Daruma’ and exploited by the International Maize and Wheat
Improvement Center (CIMMYT), were very prominent in
Egyptian cultivars post 1970’s.
The relationships within the seven studied Greek cultivars
independently were estimated by a UPGMA cluster analysisFigure 2 Dendrogram of cluster analysis for Egyptain varieties
obtained by RAPD markers.of genetic similarity matrices (Fig. 3). The third dendrogram
separated the Greek varieties into two main clusters the ﬁrst
one included (‘Gekora-E’ and ‘Acheron’) while the second
cluster contained all the remaining Greek bread wheat
varieties.
3.4. Principal Coordinate Analysis (PCOORDA)
Principal Coordinates Analysis (PCOORDA) is one of the
most important methods of ordination analysis. It constructs
a new set of orthogonal coordinate axes so that the projec-
tion of points (varieties) onto them has maximum variance.
In this study, the results of the (PCOORDA) were almost
similar (but more accurate) to the results of the cluster anal-
ysis (Figs. 2 and 3). ‘Gekora-E’ and ‘Acheron’ also seemed to
be biased from the Greek wheat varieties. The ﬁrst two prin-
cipal coordinates accounted for 49.45% of the total genetic
variance (29.21% for PC1 and 20.24% for PC2, Fig. 4) which
indicates the reliability of the PCOORDA as data mining
analysis in genetic diversity studies. It can be noted that
two dimensional PCOORDA was able to separate all the
Egyptian varieties from the Greek varieties at the ﬁrst two
principal coordinates (Fig. 4). Chengyu et al. [10] carried
out principal coordinates analysis to assess the genetic diver-
sity of yellow-seeded rapeseed (Brassica napus L.) accessions
by AFLP markers. Their analysis revealed that the global
structure similar to the dendrogram analysis but the distribu-
tion of the accessions was shown more clearly on three
dimensions analysis than in the dendrogram. Ude et al. [40]
showed that the clustering pattern of the genotypes in the
PCA analysis corresponds with the dendrogram derived from
UPGMA.
In conclusion, study of genetic diversity and similarity in
genetic materials obtained from diverse regions may support
us with beneﬁt information about the varieties emergence.
The results of the present study suggest that genetic diversity
in wheat can be determined efﬁciently using molecular markersFigure 3 Dendrogram of cluster analysis for Greek wheat
varieties obtained by RAPD markers.
Figure 4 Two-dimensional Principal Coordinate Analysis for Egyptian and Greek wheat varieties obtained by RAPD markers.
162 K.F. Abdellatif, H.M. AbouZeid(RAPD markers). A moderate genetic diversity was observed
between Egyptian and Greek varieties using RAPD markers.
This information could be helpful for wheat breeders of both
sides to exchange the germplasm in order to enlarge the genetic
diversity of breeding accessions. In addition, the efﬁcient use of
genetic resources in all plant-breeding programs requires
knowledge about genetic diversity.
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